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1. Introduction

A WF on UE RF requirements for mmWave was approved in the RAN4#80bis meeting [1]. This contribution follows up the WF especially for metric on Tx requirements.
2. Discussion
The agreed WF [1] for Tx requirements is the following.

· Tx Power - EIRP
· Actual EIRP value should be studied
· How the requirement will be defined in terms of spatial coverage should be studied
· Whether a maximum allowed TRP requirement or other alternative requirements are needed or not should be studied
· Tx off power
· Should be studied how this requirement will be defined (EIRP or TRP)
· Tx on/off mask
· How to define this requirement should be studied (e.g. how beamforming and OTA measurement influences the definition)
· Power control
· How to define the requirement should be studied
· Signal quality requirements
· How to define EVM, carrier leakage, frequency offset requirement should be studied
· Occupied BW
· How to define the requirement should be studied 
· Emissions related requirements
· How to define the requirements for in-band emissions, ACLR, SEM, spurious emissions, UE to UE co-existence should be studied
· Whether the requirements should be defined as EIRP or TRP or both should be studied
· UE to UE co-existence should consider the emissions from sub6GHz bands to above 24GHz bands and vice-versa (R4-168324 can be used as reference)
· Emission levels required for UE to UE co-existence should be studied
· How to account for spatial characteristics should be considered
Firstly, as discussed in [2], our opinion is that all conventional (conductive) requirements should also be specified as OTA requirements in mmWave for NR since they have been defined based on necessities from system point of view. If some existing RF requirements are not necessary for mmWave, it can be interpreted that they have been redundant for legacy systems as well.
Proposal 1: All conventional (conductive) requirements should be specified as OTA requirements in mmWave for NR.
Next we discuss each Tx requirement. In a similar manner of already agreed MOP, other Tx requirements for own transmission should also be specified in EIRP to verify the signal itself. Need of TRP is FFS, however at least EIRP will obviously be needed from system perspective. 
Proposal 2: Below requirements in mmWave should be specified in at least EIRP.

· Tx maximum output power (already agreed)
· PCMAX
· Minimum output power

· ON/OFF mask

· Power control

· Signal quality (Frequency error, EVM, Carrier leakage, In-band emissions)
It should be noted that EIRP is not always the same for every orientation. If the UE does not face front for the BS (i.e. BF steering), the peak of BF gain would not be able to be maintained. In [3], we propose to guarantee EIRP of a certain Tx power level for any orientation from operational point of view. In this case, it is obviously also required to keep the signal quality even with the beam steering. In other words, if it is concluded to guarantee EIRP on Tx power level for any orientation, EIRP on signal quality also needs to be verified with any UE direction. Granularity of the steering for the test and the actual value are FFS.
Proposal 3: EIRP on signal quality also needs to be verified with any UE direction. Granularity of the steering for the test and the actual value are FFS.
In contrast with the above, unwanted emission requirements should be specified in at least TRP with BF in order to properly convert conventional (conductive) requirements to OTA. If only EIRP is adopted, there will be power leak in spatial and the total radiated emission cannot be measured. It should be noted that the BF pattern should be fixed during the TRP test. More specifically, the peak of beams should not be integrated in the TRP. Detail of UE-to-UE coexistence is discussed in [4].
Proposal 4: Below requirements in mmWave should be specified in at least TRP with fixed BF pattern.

· Tx OFF power

· Spectrum emissions (Occupied BW, SEM, ACLR, General/Additional spurious, UE-to-UE coexistence)
· Tx intermodulation
In the above, fixed BF pattern is proposed. However, it is unclear whether the worst TRP is a case of maximum EIRP for MOP especially for relative requirements (e.g. ACLR). If it is not the case, it will be required to test the TRP with several patterns of beam steering.
Proposal 5: It should be studied if the worst TRP for emission requirements is a case of maximum EIRP for MOP.
In this case, some companies would have a concern on the test time. One possible solution could be to test the dominant (spatial) range only. In case of SEM as example, the dominant part would be neighbourhood of the peak of the beam and it may be enough to measure the limited portion given the noise is also beamformed. However, since each UE has different antenna pattern, it is quite difficult to know the actual range (angle). One way could be to introduce a concept of “declare” also in UE side based on the antenna design. Criteria of the declare needs to be determined considering not only spatial antenna pattern but also radio emission level in frequency domain. Once the dominant range is identified, the other parts should be approximated as a certain value (e.g. noise level).
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Figure 1: Possible solution to address test time for TRP on SEM (two-dimension for simplicity)
We believe that this aspect can be studied in RAN4 however reached agreement should be specified in RAN5 spec. From core spec’s point of view, it is necessary to specify the TRP in sphere to guarantee the emission level.
Proposal 6: How to address test burden for TRP should be further studied. (Note that this study can be done in RAN4 however reached agreement should be specified in RAN5 spec.)
3. Conclusion
Based on the table above, we propose the followings for UE RF requirements in mmWave.
Proposal 1: All conventional (conductive) requirements should be specified as OTA requirements in mmWave for NR.
Proposal 2: Below requirements in mmWave should be specified in at least EIRP.

· Tx maximum output power (already agreed)
· PCMAX
· Minimum output power

· ON/OFF mask

· Power control

· Signal quality (Frequency error, EVM, Carrier leakage, In-band emissions)
Proposal 3: EIRP on signal quality also needs to be verified with any UE direction. Granularity of the steering for the test and the actual value are FFS.
Proposal 4: Below requirements in mmWave should be specified in at least TRP with fixed BF pattern.

· Tx OFF power

· Spectrum emissions (Occupied BW, SEM, ACLR, General/Additional spurious, UE-to-UE coexistence)
· Tx intermodulation
Proposal 5: It should be studied if the worst TRP for emission requirements is a case of maximum EIRP for MOP.
Proposal 6: How to address test burden for TRP should be further studied. (Note that this study can be done in RAN4 however reached agreement should be specified in RAN5 spec.)
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